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(54) FUEL INJECTOR OF ENGINE FOR AUTOMOBILE 

(57)Abstract: 

PURPOSE: To reduce transmission of shock at the 
time of switching to an occupant in a vehicle by 
switching port injection from/to in-cylinder injection 
only when the lock-up of automatic transmission is 
not worked. 

CONSTITUTION: As fuel is injected by a port 
injection valve 1p into the intake port of an engine 1, 
and the fuel is directly injected into the cylinder of the 
engine 1 by an in-cylinder injection valve 1c. It is 
judged by an ECU 3 which is formed as a digital 
computer whether or not a drive condition is changed 
exceeding the boundary between a predetermined 
port injection region and an in-cylinder injection 
region, and the ECU 3 also has a function as a lock- 
up operation detection means of an automatic transmission 2. Port injection and in-cylinder 
injection are switched from one another only when the drive condition is changed 
exceeding the boundary between the port injection region and the in-cylinder region, and 
only when a lock-up operation signal is not output by the lock-up operation detection 
means. Torque fluctuation is absorbed by a torque converter and shock to be transmitted 
to occupants in a vehicle can thus be reduced. 
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* NOTICES * 

JPO and NCIPI are net responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] In the fuel injection equipment of the car motor used together with an automatic 
transmission with a lock-up with the injection approach switch means which switches port injection 
and the injection in a cylinder according to change of operational status An operational status 
judging means to judge whether operational status changed exceeding the boundary line of the field 
of the port injection defined beforehand, and the field of the injection in a cylinder. It has the lock-up 
actuation detection means of an automatic transmission with a lock-up. Operational status changes 
exceeding the boundary line of the field of the port injection defined beforehand, and the field of the 
injection in a cylinder. The fiiel injection equipment of the engine characterized by being made to 
perform a switch with port injection and the injection in a cylinder only when said lock-up actuation 
detection means is not outputting the lock-up active signal. 

[Claim 2] It is the fiiel injection equipment of the car motor used together with an automatic 
transmission with a lock-up with the injection approach switch means which switches port injection 
and the injection in a cylinder according to change of operational status. Operational status is 
equipped with an operational status judging means to judge whether it changed exceeding the 
boundary line of the field of the port injection defined beforehand, and the field of the injection in a 
cylinder. When operational status changes exceeding the boimdary line of the field of the port 
injection defined beforehand, and the field of the injection in a cylinder, port injection and the 
injection in a cylinder are made to be switched. With the same variable as using for the boundary 
line of the field of the above and port injection and the field of the injection in a cylinder specifying 
the lock-up operating space of an automatic transmission with a lock-up The fuel injection 
equipment of the car motor characterized by being set to a heavy load side rather than the lock-up 
line which specifies a lock-up operating space. 

[Claim 3] The fuel injection equipment of the car motor characterized by having a fuel cut condition 
detection means to be the fuel injection equipment of car motor with the injection approach switch 
means which switches port injection and the injection in a cylinder according to change of 
operational status, and to detect a fuel cut condition, and being made to perform the switch to the 
injection in a cylinder from port injection at the time of a fuel cut. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to a fuel injection equipment and the fuel injection 
equipment of the car motor which switches port injection and the injection in a cylinder especially. 

[0002] 

[Description of the Prior Art] It has two injection systems, the injection in a cylinder, and port 
injection. A load, a rotational frequency. Or the car motor which used these injection systems 
properly by other service conditions is already well-known. For example, only using the injection in 
a cylinder, by the inside load, both concomitant use is carried out, and at the light load, with the 
heavy load, control of switching or switching to the injection in a cylinder using port injection at a 
certain time after starting at the time of starting is considered so that only port injection may be used. 
However, some fuels injected in port injection adhere to the wall surface of a suction port. Since all 
the fuels injected to a certain timing are not inhaled by coincidence in a cylinder, when it switches to 
port injection from the injection in a cylinder A fuel becomes [ too little ] temporarily, or when it 
switches to the injection in a cylinder from port injection, a fuel becomes excessive temporarily, a 
level difference occurs to the torque which an engine generates, and an vmpleasant shock may be 
given to car crew. Therefore, many proposals it is going to make it not give an unpleasant shock are 
made by car crew, for example, he prevents that a level difference occurs in an engine torque by 
performing both the injections in a cylinder and port injections of only fixed time amovmt in JP,63- 
154816,A at the time of a switch of the injection in a cylinder, and port injection, and is trying not to 
give car crew an unpleasant shock from before. 
[0003] 

[Problem(s) to be Solved by the Invention] However, in order to make the equipment of the above- 
mentioned official report act as the purpose correctly, the fuel control of a precision that it is required 
to guess the coating weight of the fuel to an inlet pipe etc., and to control fuel oil consumption, fuel 
injection timing, etc. and high is required, and increase of cost is caused as a result. By the way, the 
shock resulting from a switch of the injection in a cylinder and port injection to the crew of a car is 
making it not get across to crew offensively, and the last purpose of this application does not 
necessarily need to prevent the generating of a shock itself. It aims at offering the fuel injection 
equipment which this invention does not tell the crew of a car the shock at the time of a switch of the 
injection in a cylinder, and port injection in view of the above-mentioned problem, without needing 
the fuel control nature of a high precision, or mitigated transfer of a shock. 
[0004] 

[Means for Solving the Problem] In the fuel injection equipment of the car motor used together with 
[ according to claim 1 of this invention ] an automatic transmission with a lock-up with the injection 
approach switch means which switches port injection and the injection in a cylinder according to 
change of operational status An operational status judging means to judge whether operational status 
changed exceeding the boundary line of the field of the port injection defined beforehand, and the 
field of the injection in a cylinder. It has the lock-up actuation detection means of an automatic 
transmission with a lock-up. Operational status changes exceeding the boundary line of the field of 
the port injection defined beforehand, and the field of the injection in a cylinder. Only when said 
lock-up actuation detection means is not outputting the lock-up active signal, the fiiel injection 



http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web_cgi_ejje 8/4/2006 



THIS PAQi BLANK (uspto) 



JP,07-103019,A [DETAILED DESCRIPTION] 



Page 2 of 4 



equipment of the car motor which was made to perfomi a switch with port injection and the injection 
in a cylinder is offered. It is the fiiel injection equipment of the car motor used together with 
[ according to claim 2 ] an automatic transmission with a lock-up with the injection approach switch 
means which switches port injection and the injection in a cylinder according to change of 
operational status. Operational status is equipped with an operational status judging means to judge 
whether it changed exceeding the boimdary line of the field of the port injection defined beforehand, 
and the field of the injection in a cylinder. When operational status changes exceeding the boundary 
line of the field of the port injection defined beforehand, and the field of the injection in a cylinder, 
port injection and the injection in a cylinder are made to be switched. With the same variable as 
using for the boundary line of the field of the above and port injection and the field of the injection in 
a cylinder specifying the lock-up operating space of an automatic transmission with a lock-up The 
fiiel injection equipment of the car motor set to the heavy load side rather than the lock-up line which 
specifies a lock-up operating space is offered. According to claim 3 It is the fiiel injection equipment 
of car motor with the injection approach switch means which switches port injection and the 
injection in a cylinder according to change of operational status, and it has a fiiel cut condition 
detection means to detect a fiael cut condition, and the fiael injection equipment of the car motor 
which was made to perform the switch to the injection in a cylinder from port injection at the time of 
a fiiel cut is offered. 
[0005] 

[Function] In the fiiel injection equipment of the engine for automobiles according to claim 1, while 
the lock-up of an automatic transmission is operating, a switch with port injection and the injection 
in a cylinder is not performed, but while the lock-up is not operating, a switch with port injection and 
the injection in a cylinder is performed. With the fuel injection equipment of the engine for 
automobiles according to claim 2, by the operating range in the operating space of the lock-up of an 
automatic transmission, a switch with port injection and the injection in a cylinder is not performed, 
but a switch with port injection and the injection in a cylinder is performed at a operating range 
outside the operating space of a lock-up. In the fiiel injection equipment of the engine for 
automobiles according to claim 3, the switch to the injection in a cylinder from port injection is 
performed at the time of a fiiel cut. 
[0006] 

[Example] The example of this invention is explained using an accompanying drawing below. 
Drawing 1 is drawing showing notionally the configuration of the 1 st example by claim 1 of this 
invention. Although 1 is an engine in drawing and both Ip and Ic are the injection valves of a fiiel, 
Ip is a port injection valve, a fiiel is injected to the suction port of an engine 1, and Ic is an injection 
valve in a cylinder, and injects a fiiel directly in the cylinder of an engine 1. 2 is an automatic 
transmission with a lock-up. 3 is an electronic control unit (it is called Following ECU), and 
performs synthetically control of an engine 1 and the automatic transmission 2 with a lock-up. ECU3 
ROM (read-only memory), RAM (random access memory). It is constituted as a digital computer 
equipped with CPU (central processing unit), input port, an output port, etc., and sets in the example 
of **** 1 of this invention. An operational status judging means to judge whether basic control, such 
as fiiel-oil-consumption control, ignition timing control, and gear change control, was performed, 
and also operational status changed exceeding the boundary line of the port injection field appointed 
beforehand and the injection field in a cylinder. And the injection approach switch means which 
switches the injection approach between port injection and the injection in a cylinder if needed, It 
has a function as the lock-up control means which controls the lock-up of the automatic transmission 
2 with a lock-up, and a lock-up actuation detection means to detect lock-up actuation of the 
automatic transmission 2 with a lock-up. 

[0007] In the 1 st example, as shown in claim 1 , operational status changes exceeding the boundary 
line of a port injection field and the injection field in a cylinder. And when the lock-up actuation 
detection means is not outputting the lock-up active signal. That is, only when the lock-up is not 
operating, a switch with port injection and the injection in a cylinder is performed, and when the 
lock-up actuation detection means is outputting the lock-up active signal, namely, while the lock-up 
is operating, a switch with port injection and the injection in a cylinder is not performed. Drawing 2 
is a flow ch£irt which shows the detail of this control, and explains actuation of each of that step for 
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order later on below. At step 101, if it judges and is over whether the operation situation changed 
exceeding the injection switch line and has not progressed and exceeded to step 102, it jumps to 
termination and activation of a routine is ended. At step 102, if it judges whether the lock-up of an 
automatic transmission is operating, and the lock-up is operating, it progresses to step 103, and lock- 
up discharge directions of an automatic transmission will be issued, it will end and the lock-up will 
not operate, it progresses to step 104. At step 104, an injection switch is performed and it progresses 
to step 105, and lock-up actuation authorization is issued and it ends. Thus, although a switch with 
port injection and the injection in a cylinder will be performed as it is if it is a time of the lock-up not 
operating when change of the operation situation that a switch with port injection and the injection in 
a cylinder should be performed occurs While the lock-up is operating, as it is, first, a switch with 
port injection and the injection in a cylinder is not carried out, but a lock-up discharge command is 
issued, and after canceling a lock-up, a switch with port injection and the injection in a cylinder is 
carried out. Therefore, the shock which the torque fluctuation by switch with port injection and the 
injection in a cylinder is absorbed by the torque converter, and gets across to car crew was reduced. 
Drawing 3 is a map in which the field where port injection used as the basis which judges whether 
the service condition changed exceeding the injection switch line at step 101 of the flow chart shown 
in said drawing 2 is performed, and the field where injection in a cylinder is performed are shown. In 
addition, since how to divide a field is distinguished sharply to two, port injection and the injection 
in a cylinder, when the staging area in which both injections are possible is prepared in the middle of 
nose dirt and a service condition goes into the staging area, the above control is performed, and when 
a service condition changes exceeding the staging area further, it can switch immediately. 
[0008] Next, although the configuration is not different fi-om drawing showing the configuration of 
the 1st example corresponding to claim 1 the example of **** 2 was indicated to be to drawing 1 
corresponding to claim 2 although the 2nd example of this invention is explained, ECU3 does not 
need to have the fimction of a lock-up actuation detection means. It is not divided with an engine 
speed and a load like the 1st example shown in drawing 3 , and is divided by a car rate and 
accelerator opening, and drawing 4 is drawing having shown the switch line of the port injection in 
the 2nd example, and the injection in a cylinder, and it is [ a lock-up operating space divides this 
and ] the same as the direction. On the lock-up line which was shown in said claim 2 and which 
divides actuation of a lock-up, and un-operating like. It is set as the appearance which has the switch 
line of port injection and the injection in a cylinder in a lock-up non-operating space. As a result 
namely, a switch with port injection and the injection in a cylinder It is always carried out in the field 
in which the lock-up by the side of a heavy load does not operate rather than the lock-up operating 
space of an automatic transmission with a lock-up, without being influenced by the actuation 
situation of a lock-up, and is performed by the easy flow as the control indicated to be to drawing 5 . 
If it judges and is over whether the operation situation changed exceeding the injection switch line at 
step 201 in the flow chart of drawing 5 , and it progresses to step 202, and an injection switch is 
performed, ends and it has not exceeded, it jumps to termination and activation of a routine is ended. 
Thus, since a switch with port injection and the injection in a cylinder is performed only in the field 
in which a lock-up does not operate, the shock which the torque fluctuation by switch with port 
injection and the injection in a cylinder is absorbed by the torque converter, and gets across to car 
crew is reduced. 

[0009] Next, although it is the same as the configuration of the 1st example corresponding to claim 1 
the configuration was indicated to be for the example of**** 3 to drawing 1 corresponding to claim 
3 although the 3rd example of this invention was explained, ECU3 has the fimction of a fiiel cut 
detection means. Drawing 6 is a flow chart which shows the detail of this control, and explains 
actuation of each of that step for order later on below. At step 301, ******** at the time of starting 
is judged, if it is at the starting time, it will fly to step 306, and if it is not at the starting time, it will 
progress to step 302. At step 302, if it judged whether after [ starting ] predetermined time progress 
was carried out, and predetermined time progress is carried out, it flies to step 306 and 
predetermined time progress has not been carried out, it progresses to step 303. At step 303, cooling 
water temperature judges whether it is below a predetermined value, if it is below a predetermined 
value, it will fly to step 306, and if it is not below a predetermined value, it will progress to step 304. 
At step 304, if it judges whether it is under [ fiiel cut ] ******** and is [ fiiel ] under cut, it will 
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progress to step 305, the mjection authorization flag in a cylinder will be set, and it will progress to 
step 307, and if it is not [ fael / be / it ] under cut, it will progress to step 307 as it is. Moreover, when 
it flies to step 306 from step 301, step 302, and step 303, the injection authorization flag in a cylinder 
is cleared at step 306, and it progresses to step 307. At step 307, if it judges and sets whether the 
injection authorization flag in a cylinder is set and is not progressed and set to step 308, it flies to 
step 309, and directions of port injection are sent out and it ends. It progresses to step 310, if it 
judges whether a current operation situation is in the injection field in a cylinder at step 308 and is in 
the injection field in a cylinder, the injection directions in a cylinder will be sent out and it will end, 
and if there is nothing to the injection field in a cylinder, it progresses to step 309, and port injection 
directions will be sent out and it will end. 

[0010] thus, when according to the example of **** 3 it shifted to coasting transit in the state of port 
injection, and a fiiel cut is performed during coasting transit and it shifts to the injection field in a 
cylinder during a fiiel cut Directions of the switch to the injection in a cylinder from port injection 
during a fiiel cut are performed. Since injection in a cylinder is performed, and the switch to the 
injection in a cylinder from port injection is not performed unless such conditions are ready when a 
fiiel cut finishes and it returns to an injection condition, a shock does not occiu*. 
[001 1] Drawing 6 is a map used when the present operation situation judges whether it is an 
injection field in a cylinder in step 308 of the above-mentioned flow, and is defined to engine 
rotation and accelerator pedal opening in the example of**** 3. In addition, the example of**** 3 
is applicable not only to an automatic transmission but a stick shift. 
[0012] 

[Effect of the Invention] Since a switch with port injection and the injection in a cylinder is 
performed while a switch with port injection and the injection in a cylinder is performed with the 
fiiel injection equipment of the engine for automobiles according to claim 1 while the lock-up of an 
automatic transmission is operating since this invention is constituted as mentioned above and acts, 
and **** and a lock-up are not operating, transfer to the car crew of the shock at the time of a switch 
of the injection in a cylinder and port injection is mitigated. Also in the fiiel injection equipment of 
the engine for automobiles according to claim 2, by the operating range in the operating space of the 
lock-up of an automatic transmission, since a switch with port injection and the injection in a 
cy Under is performed and a switch with port injection and the injection in a cylinder is performed by 
the operating range outside **** and the operating space of a lock-up, transfer to the car crew of the 
shock at the time of a switch of the injection in a cylinder and port injection is mitigated. In the fiiel 
injection equipment of the engine for automobiles according to claim 3, since a switch with port 
injection and the injection in a cylinder is performed at the time of a fuel cut and generating of the 
shock at the time of a switch of the injection in a cylinder and port injection itself is pressed down, 
car crew does not sense a shock. 
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[Drawing 1] 
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[Drawin g 3] 




[Drawing 4] 
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[Drawing 7] 



[Drawing 5] 




[Drawing 6] 
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